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Abstract 
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Abstract 
The interactions between proteins and membranes are key to many aspects of biological function. 
Molecular dynamics simulations can provide insight into both atomic-level structural details and 
energetics of protein-membrane interactions. This thesis describes the development of a 
physiologically accurate brain lipid bilayer, and its use in molecular dynamics simulations to 
characterise how proteins that are important drug targets interact with the cell membrane. A 
method for rapidly identifying the orientation of a protein that interacts most favourably with a 
membrane was also developed and tested. 
The first chapter provides an introduction to molecular dynamics and its role in the context of this 
research.  
The second chapter details the development of a cellular membrane with a physiologically 
representative brain lipid composition. This was done through the testing of simple systems prior to 
the construction of two more complex lipid bilayers comprising phosphatidylethanolamine (PE), 
phosphatidylcholine (PC), phosphatidylserine (PS), phosphatidylinositide 4,5 bisphosphate (PIP2), 
sphingomyelin, and cholesterol.  
The third chapter implements the brain lipid bilayer in the development of a rotational interaction 
energy screening method designed to predict the most favourable orientation of a protein with 
respect to the cellular membrane. The functionality of the method was validated through application 
to two membrane proteins commonly implicated in cancer: the phosphatase and tensin homolog 
(PTEN), and the p110α-p85α phosphatidyl-inositol kinase (PI3Kα) complex. 
The fourth chapter corresponds to the main focus of this research, the behaviour of wild type PI3Kα 
and two of its oncogenic mutants (E545K and H1047R) with regards to membrane and substrate 
interaction. It was primarily found that H1047R’s increased membrane affinity allowed it to sample a 
catalytically competent orientation independently of Ras, unlike the wild type. Furthermore, it was 
also found that the position of the C terminal tail with regards to the substrate binding pocket was 
crucial in the achievement of a catalytically competent position against the cellular membrane. 
The fifth and final chapter describes a cytochrome P450 system embedded in a cellular membrane. It 
was primarily found that the properties of its ingress and egress tunnels depended on the presence 
or absence of a substrate in the active site.  
Acknowledgements 
 
ii 
 
Acknowledgements 
Firstly, I would like to thank my supervisor and mentor of the last four years, Dr Jane Allison without 
whom this would not have been possible. Thank you for granting me this opportunity and believing 
in me through it all. 
To my fiancée, Patrice, you motivate me beyond belief. Thank you for all the love, the care, the 
understanding, and most of all the patience you afforded me in the completion of my thesis. 
To my parents, Andrew and Sylvie, you are both truly inspiring. Thank you for developing me into the 
person I am today, and for instigating the drive I need to achieve my goals. 
To my siblings, Jonathan and Melissa, being an only child would be far too much pressure. Thank you 
for relieving me of that burden through your own excellence, I’m proud of you both. 
To my extended family and all my friends who have been there for me in person or in spirit, it means 
so much. Thank you for all the encouragement. 
Secondly, to my collaborators, co-supervisors, and colleagues - Dr Jack Flanagan, Dr Joel Tyndall, Dr 
Thomas Piggot - thank you for your priceless guidance and advice as I stepped into each of your 
fields. 
On that note, I would also like to thank my fantastic research group, present and past members - 
Tom, Lukas, Eli, Ivan, Ashar, and Shamim. All our lengthy discussions and your inputs were a 
fundamental part of this research. 
Last but by no means least, I would like to thank the INMS, the CTCP, and by extension, Massey 
University, it was great to have the blessing to undertake my research in your amazing facilities. Of 
course, I would be remiss if I did not also express my gratitude for my selection as a recipient of a 
Massey University Doctoral Scholarship.        
Table of Contents 
 
iii 
 
Table of Contents 
Abstract .................................................................................................................................................... i 
Acknowledgements ................................................................................................................................. ii 
Table of Contents ................................................................................................................................... iii 
List of Figures and Tables ........................................................................................................................ 1 
Dictionary of Common Abbreviations..................................................................................................... 2 
Chapter 1 - Introduction ......................................................................................................................... 3 
1.1 - Literature Review ............................................................................................................... 3 
1.1.1 - Characterisation of Proteins .............................................................................. 3 
1.1.2 - Molecular Dynamics .......................................................................................... 4 
1.1.3 - History of Molecular Dynamics .......................................................................... 7 
1.1.4 - Advantages of Molecular Dynamics .................................................................. 7 
1.1.5 - Difficulties Facing Molecular Dynamics ............................................................. 8 
1.1.6 - Scope of This Research ...................................................................................... 9 
1.2 - Bibliography ..................................................................................................................... 10 
Chapter 2 - Lipid Parameterisation and Membrane Building ............................................................... 13 
2.1 - Literature Review ............................................................................................................. 13 
2.1.1 - Overview .......................................................................................................... 13 
2.1.2 - Advantages of Computational Representation ............................................... 13 
2.1.3 - Molecular Dynamics Studies of Membranes ................................................... 14 
2.1.4 - Scope of This Research .................................................................................... 14 
2.1.5 - Parameter Validation ....................................................................................... 15 
2.2 - Methods ........................................................................................................................... 16 
2.2.1 - Coordinates ...................................................................................................... 16 
2.2.2 - Parameters ....................................................................................................... 16 
2.2.3 - Bilayer Building Methods ................................................................................. 18 
2.2.4 - Simulation Methods ........................................................................................ 19 
2.2.5 - Analysis Methods ............................................................................................. 20 
2.3 - Results and Discussion ..................................................................................................... 22 
2.3.1 - Overview of Physical Properties ...................................................................... 22 
2.3.2 - Single Lipid Systems ......................................................................................... 23 
2.3.3 - Effect of Cholesterol ........................................................................................ 25 
2.3.4 - Brain Lipid Bilayer ............................................................................................ 27 
Table of Contents 
 
iv 
 
2.3.5 - CHARMM Lipid Bilayer ..................................................................................... 31 
2.3.6 - Second Brain Lipid Bilayer................................................................................ 33 
2.4 - Conclusion ........................................................................................................................ 35 
2.5 - Bibliography ..................................................................................................................... 36 
Chapter 3 - Protein-Membrane Interactions ........................................................................................ 41 
3.1 - Literature Review ............................................................................................................. 41 
3.1.1 - Overview .......................................................................................................... 41 
3.1.2 - Peripheral Membrane Proteins ....................................................................... 41 
3.1.3 - Protein-Membrane Binding ............................................................................. 42 
3.1.4 - Protein-Membrane Association ....................................................................... 43 
3.1.5 - Importance of Lipid Composition .................................................................... 43 
3.1.6 - Limitations of Experimental Assays ................................................................. 44 
3.1.7 - Computational Evaluation of Protein-Membrane Interactions ....................... 45 
3.1.8 - Scope of This Research .................................................................................... 46 
3.2 - Non-Bonded Interaction Energy Terms ........................................................................... 47 
3.3 - Method Development ..................................................................................................... 49 
3.3.1 - Test System Methods ...................................................................................... 49 
3.3.2 - Test System Results ......................................................................................... 51 
3.4 - Application to Protein-Membrane Systems .................................................................... 53 
3.4.1 - Script Development ......................................................................................... 53 
3.4.2 - Results of Initial Testing of Protein-Membrane Interaction Screening ........... 54 
3.5 - Conclusion ........................................................................................................................ 61 
3.6 - Bibliography ..................................................................................................................... 62 
Chapter 4 - Phosphatidylinositide 3-Kinase .......................................................................................... 66 
4.1 - Literature Review ............................................................................................................. 66 
4.1.1 - Overview .......................................................................................................... 66 
4.1.2 - Domain Function .............................................................................................. 68 
4.1.3 - Mutations......................................................................................................... 68 
4.1.4 - Advantages of Computational Representation ............................................... 70 
4.1.5 - Scope of This Research .................................................................................... 71 
4.2 - Methods ........................................................................................................................... 72 
4.2.1 - Simulation Methods ........................................................................................ 72 
4.2.2 - Coordinate Building Methods .......................................................................... 73 
 
Table of Contents 
 
v 
 
4.2.3 - Interaction Energy Screening Methods ........................................................... 75 
4.2.4 - Analysis Methods ............................................................................................. 75 
4.3 - Results and Discussion (Part I) ......................................................................................... 79 
4.3.1 - Effect of Mutation ............................................................................................ 79 
4.3.2 - Structural Analysis ........................................................................................... 80 
4.3.3 - Membrane Interaction .................................................................................... 92 
4.3.4 - Intra-Protein Interactions .............................................................................. 105 
4.3.5 - Conclusion ...................................................................................................... 107 
4.4 - Results and Discussion (Part II) ...................................................................................... 109 
4.4.1 - Importance of C Terminal Tail ....................................................................... 109 
4.4.2 - Construct Building .......................................................................................... 109 
4.4.3 - Structural Analysis ......................................................................................... 110 
4.4.4 - Interaction Energy Screening of Constructs .................................................. 112 
4.4.5 - Simulations of Chosen Constructs ................................................................. 115 
4.4.6 - Conclusion ...................................................................................................... 123 
4.5 - Bibliography ................................................................................................................... 125 
Chapter 5 - Cytochrome P450 ............................................................................................................. 129 
5.1 - Literature Review ........................................................................................................... 129 
5.1.1 - Overview ........................................................................................................ 129 
5.1.2 - Clinical Role of CYP ........................................................................................ 129 
5.1.3 - Biosynthesis of Sterols ................................................................................... 130 
5.1.4 - CYP51 Structure and Function ....................................................................... 130 
5.1.5 - Insight from Molecular Dynamics .................................................................. 132 
5.1.6 - Scope of This Research .................................................................................. 132 
5.2 - Methods ......................................................................................................................... 133 
5.2.1 - System Construction ...................................................................................... 133 
5.2.2 - Simulation Methods ...................................................................................... 133 
5.2.3 - Analysis Methods ........................................................................................... 134 
5.3 - Results and Discussion ................................................................................................... 135 
5.3.1 - Overview of Conformational Changes ........................................................... 135 
5.3.2 - Structural Analysis ......................................................................................... 136 
5.3.3 - Membrane Interaction .................................................................................. 137 
5.3.4 - Substrate Behaviour ...................................................................................... 138 
5.3.5 - Behaviour of Ingress/Egress Tunnels ............................................................. 141 
Table of Contents 
 
vi 
 
5.4 - Conclusion ...................................................................................................................... 145 
5.5 - Bibliography ................................................................................................................... 146 
Chapter 6 - Conclusions and Future Perspectives .............................................................................. 150 
Appendix A - Alterations to Force Field Files ...................................................................................... 154 
Appendix B - Rotational Interaction Energy Screening Script ............................................................. 155 
Appendix C - Rotational Interaction Energy Screening Manuscript ................................................... 162 
Appendix D - Supplementary PI3K Data ............................................................................................. 182 
 
 
 
 
 
 
 
 
 
 
  
List of Figures and Tables 
 
1 
 
List of Figures and Tables 
Chapter 1 
Figure 1i  Pg. 4 
Chapter 2 
Figure 2i  Pg. 18 
Table 2A  Pg. 24 
Figure 2ii  Pg. 25 
Figure 2iii  Pg. 26 
Figure 2iv  Pg. 28 
Figure 2v  Pg. 29 
Table 2B  Pg. 31 
Figure 2vi  Pg. 32 
Figure 2vii  Pg. 33 
Chapter 3 
Figure 3i  Pg. 47 
Figure 3ii  Pg. 49 
Table 3A  Pg. 51 
Table 3B  Pg. 51 
Table 3C  Pg. 51 
Table 3D  Pg. 51 
Figure 3iii  Pg. 54 
Figure 3iv  Pg. 56 
Figure 3v  Pg. 57 
Figure 3vi  Pg. 59 
Table 3E  Pg. 60 
Figure 3vii  Pg. 60 
Chapter 4 
Figure 4i  Pg. 66 
Figure 4ii  Pg. 67 
Figure 4iii  Pg. 69 
Figure 4iv  Pg. 73 
Figure 4v  Pg. 74 
Figure 4vi  Pg. 74 
Figure 4vii  Pg. 79 
Figure 4viii  Pg. 81 
Figure 4ix  Pg. 82 
Figure 4x  Pg. 84 
Figure 4xi  Pg. 85 
Figure 4xii  Pg. 86 
Figure 4xiii  Pg. 89 
Figure 4xiv  Pg. 90 
Figure 4xv  Pg. 92 
Figure 4xvi  Pg. 93 
Figure 4xvii  Pg. 94 
Figure 4xviii  Pg. 95 
Figure 4xix  Pg. 96 
Figure 4xx  Pg. 97 
Figure 4xxi  Pg. 98 
Figure 4xxii  Pg. 99 
Figure 4xxiii  Pg. 100 
Figure 4xxiv  Pg. 101 
Table 4A  Pg. 102 
Figure 4xxv  Pg. 104 
Figure 4xxvi  Pg. 105 
Figure 4xxvii  Pg. 106 
Figure 4xxviii  Pg. 110 
Figure 4xxix  Pg. 111 
Figure 4xxx  Pg. 112 
Figure 4xxxi  Pg. 114 
Figure 4xxxii  Pg. 115 
Figure 4xxxiii  Pg. 116 
Figure 4xxxiv  Pg. 118 
Figure 4xxxv  Pg. 119 
Figure 4xxxvi  Pg. 121 
Figure 4xxxvii  Pg. 122 
Figure 4xxxviii  Pg. 123 
Chapter 5 
Figure 5i  Pg. 131 
Figure 5ii  Pg. 135 
Figure 5iii  Pg. 136 
Figure 5iv  Pg. 137 
Figure 5v  Pg. 138 
Figure 5vi  Pg. 139 
Figure 5vii  Pg. 139 
Figure 5viii  Pg. 140 
Figure 5ix  Pg. 141 
Figure 5x  Pg. 142 
Figure 5xi  Pg. 143
Dictionary of Common Abbreviations 
 
2 
 
Dictionary of Common Abbreviations
ATP - Adenosine Triphosphate 
APL - Area per Lipid 
ABD - Adaptor Binding Domain 
AKT - Protein Kinase B 
BH - Bcl-2 Homology 
CHOL - Cholesterol 
CYP - Cytochrome P450 
DNA - Deoxyribonucleic Acid 
DSSP - Define Secondary Structure of Proteins 
DP - Dipalmitoyl 
DO - Dioleoyl 
DOP - Deuterium Order Parameter 
E545K - Mutation (EÆK) at position 545 
GUI - Graphical User Interface 
GPCR - G-Protein Coupled Receptor 
GTPase - Guanosine Triphosphatase 
HDx - Hydrogen Deuterium Exchange 
H1047R - Mutation (HÆR) at position 1047  
LINCS - Linear Constraint Solver Algorithm 
LJ - Lennard-Jones 
MBD - Membrane Binding Domain 
MD - Molecular Dynamics 
NMR - Nuclear Magnetic Resonance 
NVT - Number, Volume, Temperature 
NPT - Number, Pressure, Temperature 
PI3K - Phosphatidylinositide 3-Kinase 
PIK3CA - PI3K Catalytic Subunit Alpha 
PC - Phosphatidylcholine 
PE - Phosphatidylethanolamine 
PS - Phosphatidylserine 
PIP2 - Phosphatidylinositde 4,5 Bisphosphate 
PO - Palmitoyl Oleoyl 
PMF - Potential of Mean Force 
PME - Particle Mesh Ewald 
RMSD - Root-Mean-Square Deviation 
RMSF - Root-Mean-Square Fluctuation 
RBD - Ras Binding Domain 
SH2 - Src Homology 2 
SO - Stearoyl Oleoyl 
SA - Stearoyl Arachidonoyl 
SPC - Simple Point Charge 
SASA - Solvent Accessible Surface Area 
SGML - Sphingomyelin 
SRS - Substrate Recognition Site 
VDW - Van der Waals 
VPL - Volume per Lipid
 
